Two experiments were conducted to evaluate peripheral concentrations of cortisol (C), growth hormone (GH), and testosterone 0 in bulls and boars during mating and to correlate mating behaviors with endocrine secretion in the presence of an estrous female. In Exp. 1, six sexually inexperienced mature bulls were bled every 15 min for 2 h before and 2 h after a 30-min exposure to a single, restrained, estrous cow; sampling occurred every 5 min during exposure. In Exp. 2, six sexually experienced boars were bled similarly before and after exposure to a sow and every 5 min during a 15-min exposure to a freely moving, estrous sow. Behavioral events recorded during exposure to a female included the following: flehmen responses (bulls only), mounts, penis extensions, intromissions, ejaculations, and time to first mount and first ejaculation. Of the six bulls, four completed at least one service (intromission + ejaculation), and three of six mounted the estrous cow eight or more times. Completion of one or more services resulted in significant elevations in serum C and GH concentrations, but not T concentrations, during the exposure period. Bulls mounting eight or more times also experienced significant elevations in C concentrations during exposure. Three of six boars completed at least one service. Servicing and mounting the sow fewer than five times were both associated with significant elevations in serum C concentrations. Serum concentrations of T were also elevated as a result of exposure to an estrous sow. Collectively, these data support the suggestion that specific events during natural mating activity can alter endocrine secretions of C and GH in bulls and C and T in boars.
the latter occurred only if T was low (Katongole et al., 1971) . Lunstra et al. (1989) identified the flehmen response in bulls as the only behavior observed during mating activity that was correlated with T secretion. Inconsistent reports of T secretion during sexual activity are not surprising in light of evidence that the concentration of T required to activate sexual behavior is lower than the threshold required for maintenance of ejaculatory mechanisms @'&chi0 and Brooks, 1982). A loose temporal coupling between luteinizing hormone 0 and T secretion exists (Smith et al., 1973) , which explains why gonadotropin secretion measured during mating activity was both increased (Katongole et d, 1971) and unaltered (Abdel Malak and Thibier, 1985) . Additionally, no association exists between prolactin (PRL) and T secretion in bulls (Smith et al., 1973) . The adrenal gland has been shown to inhibit testis function. Elevations of corticosteroids decreased the response to LH-induced secretion of T in bulls (Welsh et al., 1979; Welsh and Johnson, 1981) .
During sexual encounters, boars experienced an acute increase in cortisol (C), followed closely by increased T concentrations (Liptrap and Raeside, 1978) . Similar adrenaltesticular responses were observed after administration of exogenous adrenocorticotropin ( A m Liptrap and Raeside, 1975) or C (Liptrap and Raeside, 1983) , whereas adrenalectomized boars given ACI'H failed to show increased T secretion (Liptrap and Raeside, 1968) . Present information suggests that interrelationships exist between pituitary-adrenal and pituitary-testicular axes. This information, in addition to the existence of a modulatory role of GH in testicular responsiveness to exoge nous LH (Swerdloff and Well, 1977) and T enhancement of induced GH release (Ohlsson et al., 1987) , emphasizes the need to describe the secretory patterns of these hormones during reproductive events. Thus, the specific objective of this investigation was to determine the secretory patterns of C, GH, and T during natural service and to relate hormonal changes with specific behavioral observations. Describing patterns of serum C and T secretion during sexual excitation, a situation initiated voluntarily, coupled with an understanding of the modulatory role of GH in testicular steroidogenesis should provide new information for understanding endocrine regulation during reproductive activity of the male.
Materials and Methods
Experimental procedures in the following experiments were conducted within the guidelines suggested by the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (Consortium, 1988 mately 3 to 4 kg/d of a corn and soybean mealsupplemented diet along with alfalfa hay twice daily. Feeding times were 0700 and 1900 each day. Water was available ad libitum The day before the experiment a cannula was placed in the jugular vein through a 12-gauge needle and secured against the neck with elastic tape. Blood sampling of randomly selected pairs of bulls was initiated at 0800,0930, and 1100 on the day of the experiment. In the period (Pl) before exposure to an estrous cow, 10-ml blood samples were collected at 15-min intervals for 2 h. Bulls were then moved into a narrow alleyway (1.5 m x 6.0 m) containing a single, restrained, estrous cow. The restrained cow was positioned such that the bull only had access to her hind quarters. Unrestrained bulls remained with the cow for 30 min, during which blood samples were obtained at 5-min intervals ( F ' Z ) . Bulls (NRC, 1988) . Boars had previous frequent human contact as well as familiarity with the housing and testing environment. Housing consisted of individual pens (1 m x 5 m) separated by solid partitions that restricted both direct physical and visual contact of boars in adjacent pens. Jugular cannulas were inserted, as described for bulls, the day before the experiment began. Sampling was initiated at 0830 in three boars and at 1100 in the remaining three boars. The preexposure period (Pl) consisted of blood collection for 2 h at 15-min intervals. During exposure (P2), an estrus sow (ovariectomized sows were treated with 1 mg of estradiol benzoate in corn oil i.m. 36 to 48 h before the experiment) was introduced into each boar pen. The sow and boar were allowed to move freely within the pen for 15 min with blood sample collection every 5 min. At the end of €2, sows were removed and sampling of boars Continued at 15-min intervals for 2 h (P3). Sow receptivity was determined via application of back pressure in the presence of a boar; estrous sows exhibited the characteristics immobility response.
Behavioral observations recorded during exposure included the following: number of mounts, penis extensions, intromissions, ejaculations, and elapsed time to first mount and ejaculation. For bulls, number of flehmen responses (characteristic curling of the upper lip concurrent with partial closure of the external nares; Estes, 1972) were also recorded. Ejaculation by bulls was considered complete by observation of an exceptionally deep thrust followed by dismounting. For boars, ejaculation was assumed by observing rhythmic contractions of the perineum after intromission was established (Levis and Ford, 1989) .
Hormone Assays. Blood samples were stored overnight at 4'C then centrifuged at 3,000 x g for 30 min; serum was decanted, f r o m , and stored at -20'C until it was analyzed. Cortisol and T concentrations for both bulls and boars were quantified using a solid-phase RIA7. Briefly, 10 to 50 pl of standards or unknown sample sera were added to polypropylene tubes containing immobilized specific antibodies against C or T. One milliliter of [1~~cortisol (= 40,oOO cpm) or testosterone (= 13,000 cpm) was added, mixed, and then incubated at 37'C for 45 min for C and 90 min for T. Intra-and interassay CV were 11 and 16% for cortisol and 15 and 18% for testosterone determinations in Exp. 1, respectively, based on pool concentrations of 98.5 ng/ml for C and 1.9 and 11.0 ng/ml for T. Bovine GH concentrations were determined as described by Armstrong and Spears (1988) with intra-and interassay CV of 8 and 13%.
respectively, based on pool concentrations averaging 4.2 and 33.0 ng/ml. Intra-and interassay CV for assays completed in Exp. 2 were 4 and 4% for C and 12 and 18% for T, respectively. Porcine GH concentrations were determined using a double-antibody RIA (Armstrong et al., 1990) . All samples from 'Cambridge Medical Diagnostics, BeUerica, MA.
Exp. 2 were analyzed for porcine GH in a single assay with a CV of 11%. Sensitivity of the assays were 14 pg/tube for C, 6 pg/tube for T, 19 @tube for bovine GH, and 22 p&tube for porcine GH expressed as 90% of total binding.
Statistical Analysis. Data from both experiments were subjected to analysis using the GLM procedure (SAS, 1985) . Analyses were show such behaviors. The main effects of these models included the following: mounting or serving, period, and the two-way interaction tested against animal within mount or service by period mean square. Mean hormone ccmcentrations for P1 were subtracted from sample hormone concentrations within animal to produce a delta value for each sample. These delta values were then subjected to ANOVA to determine relative hormone changes testing main effects of period using animal within period as the restricted error term. Pearson correlation coefficients were computed across aII animals within species between sample hormone values in P2 and behavioral events.
Because some animals mounted but did not serve, data from these animals were deleted from the analyses using elapsed time to service.
Results
Experiment I . All six bulls mounted the estrous cow and exhibited penis extension, but only four demonstrated intromission and ejaculation, and only three displayed the flehmen response ( Table 1 ). The average frequency of mounts per bull was eight in the 30-min period of contact with the cow. Data from the bulls were arbitrarily placed into two subgroups (i.e., bulls that achieved fewer than eight were exposed individually to a single, unrestrained, estrons female for 15 min.
%feasud while bulls were exposed mdividdy to a single, reseained, estrous female for 30 min and while boars bvalues are means f SE per bull and per boar, respectively. CExhibited by bulls only. dpregaency calculated in only those animals responding. Elapsed times (min) are to first occurre~ce of mounting and to tirst occumnce of senice defined as inrromisSion accompanied by ejaculation.
mounts and bulls that achieved eight or more mounts during exposure to the female). Data were also analyzed by segregation on the basis of completed services @e., nonservicing and servicing bulls). Figure 1 illustrates serum profiles of C, GH, and T based on delta values calculated by subtraction of P1 means from individual sample values in P2 and p3 within each bull. Serum C concentrations were significantly elevated in P2 compared with P1. When data from all bulls were pooled, serum concentrations of GH and T were unaffected by behaviors associated with encounters with a female.
Mean serum hormone concentrations in bulls subdivided by mounting and servicing groups are presented in Table 2 . Values of serum C were elevated during exposure to the cow (P < .01) in bulls exhibiting eight of more mounts. Analysis of serum GH concentrations detected a significant difference between the two mounting subgroups; bulls mounting fewer than eight times experienced elevated mean serum GH concentrations determined over the entire experiment. Concentrations of T did not change during €2 compared with P1 in either mounting subgroup. Mean C concentrations were elevated in P2 compared with P1 (P < .01; Table 2 ) and were contingent upon completion of a sewice. Completion of one or more services also resulted in a significant elevation in GH concentrations. Mating had no effect on serum T concentrations in any period (P > .10; Table 2 ). There were no differences (P > .20) in Exp. 1 between exposure periods for GH and T when data from all bulls were pooled ( Table 2) . Mean levels of serum C concentrations were significantly elevated in P2 compared with mean concentrations in P1.
For all bulls, correlations between behaviors and profiles of serum C, GH, or T concentrations are shown in Table 3 . Concentrations of C were negatively correlated with both number of flehman responses and elapsed time to mounting (r = -SO and -.63; P = .002 and P = .oOO1, respectively), whereas C levels during p2 were positively correlated with mounting fresuency (r = SO; P = .002). Growth hormone concentrations during €2 were correlated with elapsed time to service (r = .61; P = .002), as was mounting frequency (r = -43; P = .009).
Flehmen responses, elapsed time to mount, and elapsed time to service were negatively correlated with T values during P2 (r = -SO to -.79; P < .01 to P < .oOOl), whereas highly positive correlations were detected between T concentrations and penis extension and mounting (r = .69 to .81; P e .OOOl).
Experiment 2. Five boars mounted the estrous sow and four exhibited penis extension in conjunction with mounting ( Table 1) . Three of six boars successfully completed intromission and ejaculation. Boars wex also divided into subgroups on an arbitrary basis of mounts per exposure period to estrous sows. Mean frequency of mounting by boars was four mounts during €2 (Table 1) five mounts or greater than five mounts. This was established as a factor of rounding up to the nearest whole mount and to equalize the number of animals per subgroup. Serum profiles of C, GH, and T concentrations based on delta values are shown in Figure 1 . Derivations of delta values by subtraction of mean hormone concentrations in P1 from individual sample concentrations in P2 and P3 within boar revealed that T was increased in F' 2 and P3 compared with values in P1 (Figure  1 ; P = .02 and P = .06, respectively). Values calculated for C were also significantly elevated during both P2 and P3, whereas no change in GH profiles were observed (P > .20).
No significant period effects on serum GH and T concentrations were detected between boars that displayed either a high or low mounting frequency (Table 4) . However, serum concentrations of C were elevated in P2 in boars achieving fewer than five mounts (Table  4 ) . But, overall mean serum T concentrations were different between the two mounting subgroups. Averaged over all periods, T was decreased by 36% in boars exhibiting five or more mounts during P2 (P < .01; Table 4 ).
Serum C concentrations more than doubled in boars that copulated compared with unmated boars (P < .01; Table 4 ). This increase in serum C concentrations persisted into the postexposure period, resulting in a significant elevation in serum C concentrations in P3 compared with P1. Boars that achieved at least one service had significantly greater serum T concentrations than boars not successfully completing a service (Table 4) . Conversely, overall mean levels of GH and C were not different between servicing and nonservicing boars. Data pooled from all boars indicated no significant differences in mean comparison between any period of the experiment for GH and T (P > .20; Table 4 ). Moreover, in P2, C was elevated and remained high in P3 compared with the P1 mean (P < .01).
In all boars, simple Pearson correlations calculated between behavioral events and serum C, GH, and T are presented in Table 5 .
These analyses revealed modest positive corre lations between mounting and C concentra- bM-within a column for the same hormone differ in p2 compared with preexposure periods (Pl) (*P < .lo; **P < .05; ***P < .aOl).
cSignificant differences in overall hormone mean are in row c~mparisons between mounting subgroups or mating subgroups within hormone. tions (r = .49; P = .04). Additionally, mounting penis extension, intromission, and ejaculatory was highly correlated with GH concentrations behaviors exhibited during interactions with (r = .61; P = .008). As for levels of T, the receptive sow in €9 (r= S O to .82; P = .03 significant correlations were detected with to .OO01). There was also a high negative inmmission and ejaculation). Significant correlations are indicated (*P < .10; **P < .05; ***P < .01; tP < .001).
bEtmnt a d Etserv correlations calculated only on boars displaying mounting and mounting accompanied by service, respectively. %A = data not available.
correlation between T in P2 and elapsed time to mounting (r = -.80; P = .OOO4).
Discussion
These results suggest that serving a cow was associated with stimulation of C secretion in bulls. The elevation in C concentrations during the exposure period may have resulted from mounting activity. Bulls exhibiting greater than eight mounts showed dramatic increases in concentrations of C. The increase in serum C concentrations was also highly correlated with mounting frequency, strengthening the hypothesis that mounting is a behavior related to the stimulation of C. Concentrations of T determined in Exp. 1 are comparable to values previously reported for beef bulls (Price et al., 1986) . Concentrations of T did not change significantly throughout Exp. 1. Interestingly, T concentrations during exposure to a cow were highly correlated with extension of the penis and mounting activity. F'revious evidence has shown that a threshold level of T was required to activate male reproductive behaviors @'&chi0 and Brooks, 1982), but predicting sexual performance of the bull based on T profiles concurrent with female exposure has not been successful in the past (Price et al., 1986 ).
There is an extensive number of investigations that have examined interrelationships between the adrenalcortical and testicular endocrine axes. In bulls, endogenous release of corticosteroids (CS) from an imposed stress such as electroejaculation (Welsh and Johnson, 1981) . exogenous ACTH administration (Johnson et al., 1982), or administration of dexamethasone W b i e r and Rolland, 1976) produced effects that decreased T levels. However, cortisol administration does not affect the anterior pituitary response to GnRH (Chantaraprateep and Thibier, 1978) . In the intact bovine male, the influence of the adrenal cortex on the hypothalamo-pituitary-testicular axis involves inhibition of hypothalamic GnRH release (Chantaraprateep and Thibier, 1978) . Welsh et al. (1979) reported significant negative correlations between endogenous CS and T secretory profiles in bulls during a 24-h period at rest. Peaks in CS production occurred spontaneously in animals when no visual stress was apparent. These peaks were associated with decreases in circulating T concentrations. Bulls in the current investigation experienced an endogenous release of C during mounting and servicing activities, similar to that observed during electroejaculation (Welsh and Johnson, 1981) . However, the concomitant suppression of T was not evident, indicating a diversion in the hormonal response after these two associated activities (i.e., electroejaculation vs natural mating).
The absence of a clearly defined increase in T concentration was in opposition to studies conducted by Katongole et al. (1971) in which hormone concentrations were measured during sexual activity in only two bulls that exhibited two different profiles of T secretion. A more recent investigation found no significant changes in either T or gonadotropin secretion as a result of mounting and ejaculation into an artificial vagina using male teaser animals (Abdel Malak and Thibier, 1985) . During semen collection with an artificial vagina, the bull is presented with a different set of stimuli compared with stimuli associated with a natural service. Behavioral associations that result in a release of T during flehmen in bulls (Lunstra et al., 1989) could be masked because the events that elicit flehmen in bulls would be absent. The number of flehman responses exhibited by bulls in Exp. 1 and serum T levels were negatively correlated ( Table 3) , suggesting that little positive cause and effect relationship exists between these two variables. Of six bulls, only three displayed at least one flehmen. It would seem plausible to predict that the more sexual experience a bull has attained, the more familiar the animal becomes with employing the flehmen response as an instrument for assessing reproductive status of the female. Repeated exposure would facilitate the conditioning of a flehmen response whenever presented with specific estrus-related stimuli. The use of sexually inexperienced bulls in Exp. 1 conceivably reduced the total number of flehmens. Experiments with rats indicate that the secretion of T occurs in anticipation of sexual activity when the animal becomes "conditioned" to specific olfactory cues in the testing paradigm (Graham and Desjardins, 1980) . Profiles of GH in Exp. 1 increased during exposure to cows in bulls completing a minimum of one service. Thus, it seems that a completed service (ejaculation) is a stimulus that elicits GH secretion in bulls. This reproductive event was associated with a greater than twofold increase in GH concentration during the cow exposure period. Conversely, the lack of a response in GH concentrations in bulls that did not complete a service further substantiates this hypothesis. Bulls that repeatedly mounted (greater than eight mounts per 30-min cow exposure period) failed to demonstrate an increase in GH concentrations. The more frequent a bull engaged in mounting activity the less likely a completed service would result. Therefore, the secretion of GH resulting from reproductive activity seems to involve a complex model of which mounting frequency, ejaculation, and length of time to first service (sexual preparation) are integral components. Few reports have been published describing levels of GH during reproductive activity of bulls. Convey et al. (1971) p r e sented evidence for an elevation in GH concentrations in young and mature bulls after ejaculation into an artificial vagina Young bulls showed increased GH levels after ejaculation with or without prior sexual preparation (false mounting), whereas mature bulls only released GH after ejaculation with prior sexual stimulation.
The increased serum T concentrations observed in Exp. 2 after copulatory behavior in boars was similar to that reported previously. Liptrap and Raeside (1978) reported similar results that consistently showed a peak in T secretion, preceded by a peak in CS, following a 30-min sow exposure period. The boars in the current study, however, produced concomitant increases in serum C and T concentrations rather than a sequential enhanced C and T secretion. The interpretations of previous results were twofold. First, either elevation of CS acutely stimulated or enhanced anterior pituitary release of LH by GnRH secretion, or, second, CS acted directly on the testis by either an adrenwrticotropin-or cortisoldependent mechanism independent of the hypothalamo-pituitary axis (Liptrap and Raeside, 1978) . In either instance, substances of adrenal origin have been implicated because injections of C alone induced an acute increase in T (Liptrap and Raeside, 1975) and A m did not stimulate T secretion in adrenalectomized boars (Liptrap and Raeside, 1968) . Acute elevations in C also enhanced the sensitivity of the pituitary to exogenous GnRH (Liptrap and Raeside, 1983) . The analyses from the pooled data indicated that C enhance ment during sexual activity of boars was most attributable to achieving a service and(or) fewer than five mounts. Correlations of mounting and intromission to C concentrations were significant and nearly significant, which supports the hypothesis that both of these factors contributed to increased C secretion.
Elevation in levels of C is a reliable indicator of stress in the pig (Becker et al., 1985) . The circadian rhythm in C secretion in the pig, normally elevated in the morning, was altered by stressful stimuli (Becker et al., 1988) . The possibility exists that changes in C concentrations in Exp. 2 were influenced by such underlying daily fluctuations, but this seems unlikely because consistency across boars was evident, even though sampling was initiated at different times of the day. Also, the twofold increase in C measured during the relatively short sow exposure period (15 mh) was more dramatic than the daily increases observed by Becker et al. (1988) . The current investigation depicts sexual activity as an event that elicits C secretion, a classical "stress response." Increased C secretion in pigs, by definition (Becker et aL, 1985) , is indicative of a stress response. Typical stress responses are identified after application of noxious stimuli.
However, the current situation (sexual activity) was initiated by the boar (internal event) even though the response, elevation in C concentrations, falls into the same category as restraint-, shock-, or heat-stress responses (external event). Thus, delineation of physiological responses to external or internal events needs further classification with regard to the type of condition that c&nts an animal. It becomes quite clear that boars involved in sexual activity cannot be categorized with animals subjected to adverse environmental conditions, based solely on the adrenalcortical response.
Evidence for GH release during mating activity of the boar is lacking. Concentrations of GH fluctuated very little during the entire experimental period for boars, indicating that GH secretion was not influenced by reproductive behavior of the boar.
In summary, reproductive activity of bulls and boars can induce acute alterations in hormone secretion during brief periods of exposure to a receptive cow or sow. These changes in hormone secretion were thought to be a consequence of reproductive behavior rather than a causal phenomenon for such behavior, because evidence links specific mating activities to endocrine events. These results coupled with current knowledge of male reproductive physiology bridge a poorly understood gap between behavior and reproduction in the male.
lmplicatlons
Mounting and serving of a receptive cow or sow caused cortisol concentrations to increase in bulls and boars. Growth hormone was also elevated in the bull in response to sexual activity, particularly as a consequence of completion of at least one ejaculation, but concentrations of growth hormone remained relatively unchanged in the boar. Testosterone was unaffected by reproductive activities of bulls but increased in boars. Associations were noted between average testosterone concentrations during exposure to females and mounting in bulls and intromission in boars. We speculate that the persistent and predictable cortisol response associated with mounting was brought about by the excitability associated with the desire to copulate. Induction of similar endocrine secretions in the male in a nonsexual context could permit identification of factors by which the animal can alter its own endogenous hormone concentrations. Reproductive activity of the bull and boar results in consistent and predictable changes in hormone concentrations that provide evidence for a homeostatic mechanism for maintenance of reproductive function of the male during brief mating encounters.
